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doi:10.1016/j.ejvs.2008.01.011Abstract Objective: Detecting spinal cord ischemia early during replacement of the thora-
coabdominal aorta remains a challenge. In a high risk population, we have re-evaluated the
potential impact of ischaemia/damage markers (S100, lactate) in the peripheral blood and
CSF for perioperative patient management.
Patients and methods: Thirteen patients undergoing replacement of the thoracoabdominal
aorta (6 female, age 63 (27e71)) with continuous CSF pressure monitoring and drainage were
entered into the study. A total of 485 CSF (C) and serum (S) samples were collected and
analysed for S100, lactate and glucose.
Results: Two patients suffered from spinal cord injury (SCI) (15%). During and early after
surgery, there was a strong correlation between C-S100 levels (rZ 0.79) and C-lactate levels
(rZ 0.77) with time in patients with SCI. In patients with SCI C-lactate levels increased soon
after aortic cross-clamping, whereas C-S100 levels did not become significantly elevated until
6 hours after cross-clamping.
Conclusion: An increase of C-lactate occurs much earlier than the increase in C-S100 in
patients with SCI. Both parameters may be used to adjust protective and therapeutic measures
intra- and postoperatively.
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12 N. Khaladj et al.Introduction
Paraplegia as a result of thoracoabdominal aortic surgery
remains a devastating complication, occurring in 6e23% of
patients.1 Risk factors, other than extent of the replaced
aortic segment, include spinal perfusion pressure, clamp
time, transfusion requirements, renal failure and the num-
ber and type of prophylactic treatments. For the latter firm
evidence exists only for distal perfusion, cerebro-spinal
fluid (CSF) drainage and maintenance of sufficient blood
pressure.1e6 The exact causative mechanism of paraplegia
remains unresolved and it is undoubtedly multifactorial.
Thus, numerous attempts, clinical and experimental are
presently underway aiming to positively modify the
outcome in these patients including the administration of
various potentially protective drugs.7e9
For the prevention and treatment of spinal cord injury it
is important to identify the insult early.
a) to react intra-operatively, for example by reinserting
additional intercostal vessels,
b) to intensify supportive measures during or early after
the operation, such as higher perfusion pressures and
c) to evaluate new strategies such as drugs reducing
reperfusion injury, oedema and apoptosis.
Whereas intra-operative electrophysiological monitoring
in many centres is standard to evaluate spinal cord function
near continuously, it has technical and interpretational
limitations as well as usually being limited to the intra-
operative period.10,11
Neurological damage markers such as S100 are thought
to be very specific indicators but rise too slowly to guide
therapeutic strategies, at least during the operation. They
are useful for comparing various prophylactic and
therapeutic measures and for further elucidating theTable 1 Preoperative data
Variable All patients (nZ 13) W
Age [years] 63 (27e71) 6
Height [cm] 174 (148e186) 17
Weight [kg] 75 (38e103) 7
BMI 28 (15e34) 2
Male 8 7
Female 5 4
Aneurysm 9 9
max. Diameter [cm] 6 (5e7)
Dissection (chronic) 6 4
Type A 2 2
Type B 4 2
Marfan 2 2
Redo surgery 3 2
Crawford-Classification
I 4 4
II 3 3
III 8 6
Urgent 1 1
SCI: Spinal cord injury, BMI: Body mass index, data are expressed asmechanisms of injury.12e15 Electrophysiological testing
and damage markers may thus be seen as complementary
in providing important information to guide patient
management and for the development of new protective
strategies.16,17 Studies dealing with S100 in the spinal fluid
after thoracoabdominal aortic aneurysm (TAAA) surgery
appear to show that the marker can distinguish patients
with and without SCI starting six hours after aortic cross
clamping.13,15,16 Others report elevated levels in patients
with post-operative confusion, often seen following surgery
with cardiopulmonary bypass.18,19 The question remains, if
well established markers rise early and are specific enough
to indicate spinal cord ischaemia or injury (SCI), fulfilling
the criteria (aec) set earlier.
In our institution, CSF drainage forms part of the standard
protocol in TAAA surgery. The aim of this analysis was thus, in
a high risk population, to re-evaluate the potential impact of
ischaemia/damage markers (S100, lactate) in the peripheral
blood as well as the CSF for perioperative patient manage-
ment. This is a single centre and surgeon experience over a 6
month interval in a consecutive series.
Patient and Methods
The study was approved of by the institutional review
board. All patients gave written informed consent.
From May to December 2006, 14 patients undergoing
elective or urgent replacement of the thoracoabdominal
aorta in our institution agreed to be included in the study.
Of these, one patient died early and was thus excluded
from the analysis leaving 13 patients (Table 1).
A CSF catheter (Lumbar Catheter Accessory Kit, Inte-
gra Neurosciences, Plainsboro, NJ, USA) was placed the
day before surgery. The catheter was connected to an
external drainage system (Integra Neurosciences), allow-
ing CSF drainage as well as continuous pressure monitoring.ithout SCI (nZ 11) With SCI (nZ 2) p
3 (27e71) 63 (57e69) n.s.
5 (148e186) 169 (164e174) n.s.
5 (38e101) 89 (74e103) n.s.
7 (15e31) 31 (28e34) n.s.
1 n.s.
1 n.s.
0
2 n.s.
0
2 n.s.
0
1 n.s.
0
0
2 n.s.
0
median plus range.
Spinal Fluid Parameters of Spinal Cord Ischaemia 13Anaesthetic management
Patients received standard anaesthesia for induction (etomi-
date 0.3 mg/kg, fentanyl 0.8 mg/kg, pancuronium bromide
0.1 mg/kg). For maintenance, sevoflurane at an end-tidal
concentration of 0.5e2% and repetitive fentanyl boluses
were administered. Intubation under fiberoptic guidance was
performed and a double-lumen endotrochael tube placed in
all patients. For the duration of the procedure, the catechol-
amine and transfusion regimen was adjusted so as to keep the
systolic blood pressure above or equal to 130e150 mmHg.
Operative procedure
All patients were treated by a single surgeon. Access to the
thoracoabdominal aorta was achieved by a left thoracotomy,
transection of the costal margin, circular division of the
diaphragm, und subsequent retroperitoneal preparation.
Femoro-femoral bypass was initiated after systemic heparin-
isation (400 U/kg), leading to an activated clotting time
(ACT) greater than 480 s. Peripheral perfusion was aimed to
maintain aflowbetween1.5 and2.5 l/minandproducea con-
tra lateral femoral pressure>50 mmHg. Cooling was started
to achievemoderate hypothermia of around 32e34 C. Selec-
tive perfusion of the visceral arteries (coeliac trunk, superior
mesenteric artery) and both renal arteries was performed
with blood (32 C) to achieve additional organ protection if
necessary. Cardiotomy suction was used in all patients and
the circuitry always contained an arterial filter. The aorta
was replaced using Dacron grafts (Hemashield Platinum,
20e28 mm, Boston Scientific, MA, USA) in a staged clamping
technique. The major aortic side branches were reinserted
into the graft as patches, in groups or individually, as was al-
ways the case for the left renal artery or if a Marfan syndrome
was present. Intercostal arteries were revascularised in inlay
technique whenever poor backflow suggested insufficient
collateral supply. Following declamping and rewarming the
extracorporeal circulation was stopped, heparin antagonised
with protamine (1:1) and haemostasis achieved.
CSF-drainage
CSF-pressures were recorded continuously and CSF allowed
to drain into the collection system whenever values
exceeded 10e15 mmHg.Preo
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Figure 1 Sample coSample collection
Serum as well as CSF samples were collected according to
the protocol shown in Fig. 1. Samples were immediately
centrifuged (3000 rpm, 5 min), supernatant harvested and
stored at 80 C for further analysis.
Intensive care unit (ICU) management
All patients were kept sedated and ventilated for the
initial 18 postoperative hours with a positive end-expira-
tory pressure of at least 10 mmHg. Mean arterial blood
pressure was maintained between 80e90 mmHg, using
inotropic or vasocontrictive support as necessary. CSF
pressure was maintained between 10e15 mm Hg, aiming
a theoretical spinal cord perfusion pressure of at least
65 mm Hg.
Neurological evaluation
All patients were examined by an experienced neurologist
as soon as this became possible after the operation. In
patients with postoperative confusional states, computed
tomography scanning was performed to exclude cerebral
pathology (ischaemia, infarction). The modified Tarlov
scoring scale was applied to assess lower limb motor
function.20
Sample analysis
Serum and CSF concentrations of S100 were measured by
a commercially available electrochemiluminescence im-
mnunoassay (ECLIA) on a Elecsys 2010 automated analyzer
(S100 cobas; Roche Diagnostics, Mannheim, Germany).
Measurement of glucose and L-lactate in serum/plasma
and CSF were performed on a Hitachi automated clinical
analyzer with enzymatic in vitro tests using the hexokinase
method (Gluco-quant Glucose/HK; Roche Diagnostics) and
the lactate oxidase/peroxidase method (Lactate cobas;
Roche Diagnostics), respectively. Normal values were as
follows: S100 (serum)< 0.105 mg/l (95th percentile of
healthy volunteers), glucose (serum): 3.9e5.5 mmol/l,
lactate (plasma): 0.63e2.44 mmol/l, lactate (CSF):
1.1e1.9 mmol/l. Sample processing took 15 minutes for
S100 and 10 minutes for glucose and lactate.2 tim
es da
ily
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14 N. Khaladj et al.Follow up
All patients were seen in our outpatient clinic 3 months
after surgery for clinical examination, and computed
tomography scanning of the thoracoabdominal aorta.
Statistical analysis
SPSS-Software Ver. 14.0 (SPSS Inc., Chicago, IL, USA) was used
for analysis. The data are expressed as means with standard
deviations or medians with ranges, as appropriate. Patients
were then divided into two groups according to neurological
outcome.
Laboratory measurements were compared between the
groups using parametric statistics. According to Bonferroni’s
method for multiple paired tests, a 2-tailed p 0.005 (0.05/
11) was considered significant to estimate the a-error. Mea-
sured values were plotted against time for each group and
a regression curve fitted for descriptive purposes. Non-para-
metric statistic was used to compare all other variables
between groups. A p< 0.05 was considered significant.
Results
Preoperative data
Patient characteristics were comparable between groups.
There were however more patients with aortic dissections
in the group presenting later with SCI and these both had
aneurysms of Crawford III extent (Table 1).
Operative results
One patient died 4 days after surgery due to severe
cerebral infarction. Signs of SCI were also elicited by theTable 2 Intra- and postoperative data
Variable All patients
OR-time [min] 280 (140e445
CPB-time [min] 130 (77e218)
X-Clamp [min] 94 (44e196)
lowest Temp [C] 34 (27e34)
Number of reimplanted intercostal vessels 2 (0e5)
Ventilation [hours] 24 (11e288)
ICU-stay [days] 3 (1e20)
Hospital stay [days] 16 (8e40)
Stroke 0
Postoperative confusion 2
Respiratory insufficiency 2
Tracheotomy 1
Dialysis 0
Re-exploration for bleeding 2
Transfusion requirement [Units] 19 (10e48)
Red blood cells 9 (5e21)
Fresh frozen plasma 6 (5e24)
Platelets 2 (0e4)
SCI: spinal cord injury, OR: operation, CBP: cardiopulmonary bypass,
expressed as median plus range.neurologist. S100 levels in this patient were extremely
elevated after surgery (maximum CSF-S100 level 400.8 mg/l
on POD 1) representing the extensive cerebral as well as
spinal damage and therefore this patient was excluded
from further analysis as explained earlier.
Intra- as well as postoperative data of all other patients
is shown in Table 2.
Patients presenting postoperatively with SCI had signif-
icantly longer procedural times (cardiopulmonary bypass as
well as aortic cross clamp) as well as a higher intraoperative
transfusion requirements. The total number of re-
implanted intercostal arteries was higher in this group
also, although this did not achieve statistical significance.
ICU as well as hospital stay were expectedly prolonged in
the SCI group.
Other intra- as well as postoperative data were not
different between the groups.
Neurological results
Spinal cord injury with postoperative anterior spinal
syndromes (paraparesis, Tarlov 2 and 3) was detected in
two patients. Temporary post-operative confusion occurred
in two further patients, in whom relevant cerebral pathol-
ogy was excluded by computed tomography. Ischaemia/
damage parameters in these patients did not differ from
those who did not show clinical SCI.
Laboratory parameters
In all patients samples were obtained up to 72 hours after
surgery. Thus, a total of 465 samples were collected and
included in the analysis, leading to 1395 data points.
The results for S100, lactate and glucose in the CSF and
serum was plotted against time for each patient. S100,Without SCI With SCI p
) 252 (140e365) 423 (400e445) 0.03
124 (77e176) 217 (216e218) 0.03
93 (44e132) 175 (153e196 0.03
34 (27e34) 32 (30e33) n.s.
1 (0e4) 4 (2e5) n.s.
23 (11e120) 156 (24e288) n.s.
3 (1e10) 13 (5e20) n.s.
14 (8e21) 30 (20e40) 0.05
2 0
1 1
0 1
1 1
16 (10e23) 41 (34e48) 0.03
9 (5e12) 18 (14e21) 0.03
6 (5e10) 20 (16e24) 0.03
2 (0e) 4 (3e4) 0.03
X-Clamp: aortic cross clamp, ICU: intensive care unit, data are
Spinal Fluid Parameters of Spinal Cord Ischaemia 15lactate and glucose in the CSF and serum are presented in
Figs. 2e4 for the first 12 hours after aortic cross clamping.
Glucose concentration was slightly increased in the SCI
group. On the day of surgery, C-S100 levels increase with
time (rZ 0.79) for patients with SCI, whereas there was
a non-specific increase of serum S100 (Fig. 2). Similar
results were obtained for lactate in the CSF (Fig. 3)
(rZ 0.77). The serum lactate levels were elevated in all
patients, but more so in the group suffering from SCI. The
pattern of this rise with time did not correlate with that
in the CSF. In patients with SCI, C-S100 was increased at 6
hours (p< 0.001) whereas C-lactate was increased as early
as 10 minutes (pZ 0.01) after initial cross clamp.
Representative raw values for S100 and lactate
measured during the day of operation for patients with
and without SCI and are shown in Table 3.
The CSF-catheter was removed on the 4th postoperative
day, after the daily heparin administration had been
deferred. No catheter-associated complications such as
infection or bleeding occurred.
Follow up
All patients except the one who died in the early post-
operative period were alive at the 3 months follow-up visit.
The routine follow up CT scans revealed good postoperative
results of the reconstruction with patent reattached
intercostal, visceral and renal arteries. Of the two patients
with postoperative SCI one showed almost complete
neurological recovery, whilst in the other the neurological
deficit was unchanged.S
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Despite the ever increasing expertise in managing patients
with complex aortic disease, the ideal strategy for spinal
cord protection and early detection of regional ischaemia
is still a matter of controversy.1,3e5 The basic mechanism
underlying spinal cord injury (SCI) and development of
paraplegia in such patients appears to be ischaemia with
an element of reperfusion injury. However, it has been
demonstrated clearly that spinal cord perfusion does not
depend on one single artery that requires revascularisa-
tion.21,22 The low incidence of spinal cord injury after
extensive stent grafting of the aorta further seems to sup-
port this.12,20 Hence, preoperative angiography to identify
the artery of Adamkiewicz for subsequent re-implantation
has been largely abandoned.23 Less invasive methods such
as MRA, especially using specific contrast media that also
allow visualisation of venous drainage, may revive this
issue.24 It seems that the occurrence of spinal cord
ischaemia, and thus paraplegia, is strongly associated
with intra-operative parameters, such as aortic cross-
clamping time and arterial blood and CSF pressures.1,4
Therefore currently more focus is placed upon optimising
intra-operative measures to functionally identify the
essential blood supply to the anterior spinal artery and
to supportive intra- and postoperative measures to pro-
vide adequate perfusion pressure to the collateral vascu-
lar network.22 A high perfusion pressure is not without
danger as it may potentiate postoperative bleeding and
increase the risk of intracranial haemorrhage. Too aggres-
sive drainage of CSF carries the risk of herniation and100
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16 N. Khaladj et al.subdural haemorrhage.25 Thus, all these measures should
ideally be applied tailored to the individual ischaemia
risk profile. Therefore, this profile needs to be character-
ised and continuously monitored, to adjust therapy
accordingly. As mentioned above, it remains unclear at
present why in current series of extensive stent grafting
of the descending and thoracoabdominal aorta the15
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pathological concentrations of S100 have not been shown
in asymptomatic patients, symptomatic patients have not
yet been evaluated with respect to S100 in the CSF.12 The
conclusion remains that the mechanism of damage during
surgery is not a simple consequence of intercostal artery
interruption.15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
C
-
G
L
U
C
O
S
E
 
[
m
m
o
l
/
l
]
R Sq Linear = 0,191, R = 0,44
R Sq Linear = 0,118, R = 0,34
121110987654321
be
for
e X
-C
lam
p
10
‘ X
 -C
lam
p
Ba
se
lin
e
Hours after X-Clamp
COSE
t SCI
fluid) during the first 12 hours after aortic cross clamp.
T
a
b
le
3
C
e
re
b
ra
l
sp
in
a
l
fl
u
id
a
n
d
se
ru
m
m
e
a
su
re
m
e
n
ts
T
im
e
p
o
in
t
C
SF
Se
ru
m
W
it
h
o
u
t
SC
I
SC
I
p
W
it
h
o
u
t
SC
I
SC
I
p
S1
00
La
ct
a
te
S1
00
La
ct
a
te
S1
00
La
ct
a
te
S1
00
La
ct
a
te
S1
00
La
ct
a
te
S1
00
La
ct
a
te
B
a
se
li
n
e
1.
0

0.
3
1.
8

0.
4
1.
3

0.
1
2.
2

0.
6
n
.s
.
n
.s
.
0.
1

0
0.
8

0.
2
0.
1

0.
1
0.
9

0.
5
n
.s
.
n
.s
.
X
-C
la
m
p
1.
2

0.
3
2.
2

0.
6
1.
2

0
2.
6

0.
3
n
.s
.
n
.s
.
0.
5

0.
6
1.
2

0.
6
1.
4

1.
6
2.
8

1.
9
n
.s
.
n
.s
.
10
0
1.
0

0.
2
1.
8

0.
4
1.
3

0
2.
8

0.
2
n
.s
.
0.
01
1

0.
9
2.
4

0.
6
2.
6

2.
9
4.
8

3.
7
n
.s
.
n
.s
.
60
0
1.
1

0.
3
2.
3

0.
5
1.
3

0
2.
9

0.
1
n
.s
.
n
.s
.
2.
1

1.
6
3.
7

1.
9
2.
7

1.
9
7

4.
5
n
.s
.
n
.s
.
12
0
0
1.
2

0.
4
2.
6

0.
7
1.
3

0.
1
3.
2

0.
3
n
.s
.
n
.s
.
2.
3

1
4.
2

1.
4
3.
5

2.
7
8.
1

2.
7
n
.s
.
0.
01
18
0
0
1.
4

0.
6
3.
0

0.
7
1.
3

0
3.
5

0.
7
n
.s
.
n
.s
.
2.
5

1.
4
4.
1

0.
8
3

1.
5
8.
4

4.
3
n
.s
.
n
.s
.
24
0
0
1.
2

0.
7
3.
0

0.
5
1.
4

0
3.
6

0.
6
n
.s
.
n
.s
.
1.
8

1.
3
4.
5

1
3.
3

2.
2
10

4.
5
n
.s
.
n
.s
.
6
h
o
u
rs
1.
0

0.
2
3.
4

0.
4
2.
0

0.
3
5.
2

2.
1
<
0.
00
1
n
.s
.
1

1
3.
6

0.
8
2.
9

0.
3
8.
7

3.
6
0.
03
n
.s
.
8
h
o
u
rs
1.
2

0.
5
3.
6

0.
7
2.
4

0.
5
5.
6

1.
6
0.
02
0.
02
0.
7

0.
8
4

1.
9
2.
1

1.
9
9.
3

3.
3
n
.s
.
0.
01
11
h
o
u
rs
1.
0

0
2.
9
0.
4
3.
4

0.
6
8.
5

0.
3
n
.s
.
<
0.
00
1
0.
2

0.
1
4.
8

2.
8
0.
8

0.
3
10

1.
3
n
.s
.
n
.s
.
14
h
o
u
rs
1.
1

0.
4
3.
5

0.
8
19
.4

14
9.
3

0.
2
n
.s
.
<
0.
00
1
0.
3

0.
1
3.
1

1.
5
0.
6

0.
4
8.
1

1.
7
n
.s
.
<
0.
00
1
SC
I:
sp
in
a
lc
o
rd
in
ju
ry
,
X
-C
la
m
p
:
b
e
fo
re
a
o
rt
ic
cr
o
ss
cl
a
m
p
,
D
a
ta
a
re
e
xp
re
ss
e
d
a
s
m
e
a
n

st
a
n
d
a
rd
d
e
vi
a
ti
o
n
.
Spinal Fluid Parameters of Spinal Cord Ischaemia 17Although paraplegia remains undisputed as the only
reliable clinical outcome of ischaemia, there are disadvan-
tages associated with this maxim. First, the earliest time
point for a detailed neurological examination of the patient
is many hours and often days after the insult and thera-
peutic strategies are thus limited to physiotherapy. Second
little information about the time course and mechanism
may be obtained from the mere description of this
devastating complication. Thus methods to monitor spinal
cord function during the operation have been advocated
and intra-operative neuromonitoring assumed to be the
gold standard in this context.10,16,17 Whereas evoked poten-
tials are associated with a high number of false positive and
negative results (somatosensory evoked potentials, SSEP),
muscle evoked potentials (MEP) have been shown to be
a more reliable alternative for intra-operative monitoring.
However, continuous MEP evaluation requires specific
anaesthetic management (e.g. no volatile anaesthetic
agents), a well trained technician or anaesthetist for inter-
pretation. The effects of hypothermia and cardiopulmonary
bypass (CPB) in this context are not fully characterised or
understood.11
Peripheral blood ischaemic damage markers have been
investigated as an alternative or additional source of
information for the detection of neurological/spinal cord
injury. Unfortunately, the most promising of these param-
eters, S100, suffers from severe contamination from other
organ systems (e.g. small bowel, cardiotomy suction)
undergoing periods of ischaemia during these operations;
the use of cardiopulmonary bypass further obscures the
picture.26,27 Several studies have focussed on the value of
S100 in the peripheral blood as well as in cerebrospinal
fluid. CSF markers are thought to be more specific for
central neurological damage and less influenced by ischae-
mia in other organs. Although C-S100 is a valuable marker of
spinal cord ischaemia, it appears to increase too late to
identify patients with ischaemia early enough to implement
preventative measures.13,15,16
The work presented here was initially set out as a pilot
study to define more clearly the time course of changes in
CSF S100 concentration to be able to use it as a specific early
marker of spinal cord injury. In addition, it is likely that
a number of patients suffer sub-clinical injury which is
masked by post-operative mobility limitations due to the
surgery itself. Paraplegia thus is only the tip of the iceberg. A
desirable marker would increase early and specifically in the
post-operative course, allowing therapeutic strategies to be
altered or developed before the patient eventually wakes
with paraplegia. We showed that a strong increase of S100
and lactate in the CSF in patients who later presented with
SCI was revealed soon after aortic cross clamping; confirm-
ing in principle the findings of others.28 The results comple-
ment previous work to show, that there is an early insult
during cross-clamping that is marked by a very rapid rise in
lactate, which could be monitored online. However for
S100, the increase did not occur until 6 hours after cross-
clamping. Differences in lactate values could be detected
as early as 10 minutes after cross clamping and then progres-
sively during the hours thereafter, probably independent of
serum lactate levels. CSF S100 values were significantly ele-
vated in the SCI group from 6 hours after primary aortic cross
clamping and then declined from the first post-operative day
18 N. Khaladj et al.onwards. Glucose concentrations were slightly higher in the
SCI group. Themechanism underlying these changes remains
unclear, but may be due to a failure of the blood-brain-
barrier or of altered metabolism during ischaemia. Whereas
S100 remains the more specific marker of spinal cord injury,
lactate levels appear to be more sensitive in terms of the
time course of events in characterising an oxygen supply
shortage to the central nervous system.29 Lactate poten-
tially may mark anaerobic metabolism without necessarily
being associated with permanent cellular damage. In combi-
nation these two parameters, perhaps in conjunction with
neuromonitoring, appear to give a more complete picture
of the process and/or the stages of spinal cord injury in these
patients allowing the therapeutic regimen to be adjusted,
new therapeutic options to be tested and an early diagnosis
to be made.
Conclusion
CSF parameters such as S100 and lactate can distinguish
patients who will later show SCI from those who will not and
this appears possible early after aortic cross clamping. Both
parameters can be determined within minutes and thus be
used during and directly following the operative procedure to
identify patients at risk and possibly modify patient manage-
ment including an even more aggressive elevation of perfu-
sion pressure or measures to reduce reperfusion injury.
Limitations
The number of patients examined is small and the two
groups differed in operative parameters. Online neurophys-
iological parameters such as evoked potentials were not
examined. Despite this, it was possible to show that CSF
parameters (S100, lactate) increase in patients with SCI
after aortic cross clamping. With all patients operated on
by a single surgeon with the same cardiopulmonary bypass
and organ protection techniques over a 6 month interval,
this study provides further information about the value of
laboratory parameters for the detection of spinal cord
ischaemia in this patient cohort. Whether the tested
parameters offer a quantitative measure of the extent of
injury and whether the early rise in lactate truly represents
a reversible state of ischaemia cannot be answered from
our data and remains to be confirmed in a larger more
specific investigation.
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